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(54) [Title of the Devicel Stents Connected by Springs 

(57) [Abstract] 

[Objective] Stents in which there are no gaps between 
stent and stent and which have pliability during contraction 
and expansion within tubes at the time of use. 

[Structure] As shown in Figure 1, they are comprised 
of wave-shaped rings that are formed by connecting the two 
ends of the wave-shaped wire 1 to give 1 1 1 and have the 
constrictions 24 at the apex and in the troughs of the waves. 
The units that are comprised of these wave-shaped rings are 
aligned so that three of them are superimposed longitudinally. 
At this time, the apex of the second wave shape 25 is 
superimposed so that it penetrates into the first wave shape 
Next in order, the apex 26 of the third wave shape is 
superimposed so that it penetrates into the second wave shape. 
In this state, the troughs of the first, second and third wave 
shapes are connected respectively with adhesive agents 4 1 42 
and 43 by the spring 4. ■ ' 
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[Claims] 



[Claim 1] Stents in which the two ends of a wave-shaped wire are connected, at least two of the wave 
are formed are placed so that they are parallel and superimposed and in whTch the Roughs Sh 
are arranged perpendicular to these wave-shaped rings, are connected by a spring. 

[Claim 2] Stents characterized in that that they have constrictions at the bends of the apices and troughs of 
the wave-shaped undulations as described in Claim 1 . irougns oi 

[Claim 3] Stents in which the bend of the curve is ring-shaped as described in Claim 2. 
mn «. c [ ^ laim 4] StCntS M described in Claim l * Claim 2 or Claim 3 characterized in that there are at least one or 
[Brief Explanation of the Figures] 

[Figure 1] This is an oblique view showing the structure of a stent of this design. 
[Figure 2] This is a plane view when the stent shown in Figure 1 has been opened, 
inserted mtoTtube™ 8 " * cross ' sectionaI view that shows ^ state in which the stent of this design has been 

[Figure 4] This is a plane view that shows a conventional stent. 
[Explanation of the Symbols] 
1 — wire 

II, 12, 13, ll 1 , 12*, 13' tip of the stent 

III, 112, 1 13 — connection component 
21, 22, 23, 71, 72, 73 -stents 

24, 25, 26, 8 — convex part 
27, 28, 29, 9 — concave part 

3 tube 

4 — spring 

41, 42, 43 — adhesive agent 
6 — connecting wire 



[Figure 1] 




[Figure 2] 




[Figure 4] 




[Amendment] 

[Date of Submission]: 13 July 1993 
[Amendment 1] 

[Title of the Amended Document] : Specification 
[Name of Topic that is the Subject of Amendment] : Designation of Design 
[Method of Amendment] : Change 
[Content of Amendment] 

[Designation of Device]: Stents Connected by Springs 
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[Detailed Description of the Design] 

[0001] 

[Field of Industrial Use] 

This invention relates to pliable stents, and, in further detail, it relates to stents in which there are no gaps 
between stent and stent, that are pliable during expansion when used and that are pliable during contraction in tubes. 

[0002] 
[Prior art] 

In recent years percutaneous transluminal coronary angioplasty (also abbreviated as PTCA) has come to 
be performed and methods using balloon catheters have come to be performed for treatment of atheromas in an 
essentially obstructed state in which stenotic regions or atheromas of coronary artery lesions in blood vessels have 
progressed, in which benignor malignant tumors (cancers) in the bile duct or in biliary calculus, and, in the urinary 
tract, in which kidney calculi flow out or in which benign or malignant tumors (cancers) progress. 

[0003] 

k i a P 1 tre , atments in which balloon catheters are used, a guide wire is first introduced into a blood vessel, the 
bile duct or the unnary tract. At the point it reaches the target region of stenosis, the balloon catheter is passed 
through toe guide wire and is guided to the region of stenosis, after which the balloon of the balloon catheter is 
expanded and expansion of the region of stenosis is effected using its expansion force. 

[0004] 

Most recently, in patients in whom stenosis has occurred in the bile duct and urinary tract due to malignant 
tumor or calculi, and, in particular, in patients who cannot undergo surgery, a stent is retained in the afflicted region 
and expansion of the region of stenosis in the afflicted region is performed. 

A conventional stent is shown in Figure 4. As shown in the figure, the two wave-shaped stents 71 and 72 
are arranged so that the wave-shaped convex regions 8 and 8 face each other and said wave-shaped concave regions 
9 and 9 are connected by the wires 6. re 

[0005] 

[Problems the design is intended to solve] 

However, in methods in which a balloon catheter is inserted into a region of stenosis and the region of 
stenosis is expanded as described above, the expansion of the blood vessels of the bile duct or urinary tract (hereafter 
months l ° ctively 355 blood vessel ) does not last and there is the problem that blockage again occurs in 5 to6 

[0006] 

Although comparatively good results can be obtained when blood vessels are expanded using a stent like 
that shown in Figure 4, there are a number of operational problems. One of these is that there are gaps between stent 
and stent and expansion of the gaps is not desirable. 

[0007] 

Further, because the stents 71 and 72 are connected by the wires 6, pliability of the stents is poor during 
contraction or during expansion. Moreover, when a tube is introduced into a bent region such as a blood vessel, the 
tube bends along the bent blood vessel, for which reason the stent cannot be introduced when the stent lacks 
pliability. However, because conventional stents lack pliability during contraction, there are cases in which thev 
cannot be inserted. y 
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[0008] 

Further, because conventional stents do not have pliability during expansion, there is the drawback that 
expansion of bent regions of stenosis cannot be effected. 

u ^^ordingly, the inventors conducted considerable studies of the problems of conventional stents As a 
result, they discovered that the initial objective can be achieved by superimposing the wave-shaped stents in parallel 
with each other and by connecting the gaps between the stents using springs, thereby arriving at this design. 

[0009] 

Consequently, the objective of this design is to provide stents with which there are no gaps between stent 
ana stent and that are pliable during contraction and during expansion in tubes when used. 

[0010] 

[Means for solving the problems] 

n\ C 0 ? se< P}entty, the aforementioned objective of this design is achieved by the structure described below 
(l) Ments in which the two ends of a wave-shaped wire are connected, at least two of the wave-shaped rings that 
are lormed are placed so that they are parallel and at least superimposed and in which the troughs, which are 
arranged perpendicular to these wave-shaped rings, are connected by springs. 

[001 1] 

(2) S tents characterized in that they have constrictions at the bends of the apices and troughs of the wave- 
shaped undulations as described in Claim 1 . 

(3) Stents characterized in that the tip of the curve is ring-shaped as described in Claim 2. 

or more (4) St6ntS " deScribed in ±e aforementioned Claims 1 , 2 or 3 in which the number of springs is at least one 

[0012] 
[Action] 

In this design, because at least the gaps between stent and stent are connected by springs, when a tube is 
inserted into toe stents, each stent can contract such that in the contracted state they are not superimposed on each 
other longitudmally by elongation of the spring. As a result, they have superior pliability in the state in which they 
are inserted in the tube. Therefore, when a tube is inserted into a curved region of a blood vessel, the stent can be 
inserted along the curved tube. 

When they are retained in a blood vessel, the stents are arranged superimposed on each other. Therefore 
there are no gaps between them. 

[0013] 

[Example] 

We shall now describe an example of this design using the figures. However, this design is not limited 
solely to this example. . » 

Figure 1 is an oblique view showing a stent of this invention. In this stent, the wire 1 forms the wave- 
shaped stent 21 in which are established the convex part 24 having a constriction at the apex (also called the peak) 
ot the wave and the convex trough part 24. In addition, the two ends 1 1 and 1 1' of wave-shaped stent are connected 
to form a ring. 
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[0014] 

Similarly, the two ends 12 and 12* of the wave-shaped stent 22 and the two ends 13 and 13* of the wave- 
shaped stent 23 are connected to form rings. 1 1 1, 1 12 and 1 13 are each connecting parts. 

Next, the three wave-shaped ring stents that are formed in this way are arranged as shown in Figure 2. 
[0015] 

oi 2 is a plane view when Fi e ure 1 has been opened longitudinally. As shown in Figure 2, the stents 

A Z m arTan 8 ed Parallel to 21 so that they are superimposed on each other. Specifically, each apex 25 

and 26 of the wave-shaped stents 22 and 23 is inserted into the apex 24 of the wave-shaped stent 21 and then the 
apex 25 is mserted into the wave shaped stent 2 1 . Further, the apex 26 of 23 is inserted into the wave-shaped stent 



[0016] 



Thus, each stent is arranged so that they are superimposed in parallel to each other. Between these stents 
toe springs 4 are connected with the wave-shaped concave parts 27, 28 and 29 by the adhesive agents 41, 42 and 



An example of three wave-shaped ring stents is shown. However, they are not limited to them and there 
may be two or four or more of them. However, three is preferable. 

[0017] 

The number of springs does not have to be limited to one and they can be installed depending on the number 
of concave portions. One to three is preferable. 

Next, the shape of the curves at the wave-shaped apices and troughs may be a simple curve or it may be a 
curve having a constriction. Further, the tip of the curve may be of any desired shape, including circular, elliptical 
or triangular with a rounded part. 

[0018] 

In this design, a ring of superior elasticity can be formed by making it in a shape having a constriction in 
the bend, and, at the same time, stents of superior expansion force can be obtained. 

There are no particular limitations on the material of the wire that is used in this design as long as it has 
elasticity. For example, stainless steel wire, piano wire, elastic plastic wire, ultra-elastic metal wire and shape 
memory alloy wire can be used. 

[0019] 

Further, the diameter of the wire is ordinarily 0.05 mm to 0.2 mm. As required, it need not be limited to 
this diameter. 



Next, we shall describe the method of use of the stents of this design. However, a case is shown here in 
which three continuous stents are inserted into a tube. 

[0020] 

pie initial stent is first inserted into the tube. Next, the second stent is inserted with the spring in a slightly 
extended state and is then aligned behind the initial stent. Then, the third stent is similarly inserted with the spring 
in an extended state and is aligned behind the second stent, and each stent is arranged in a series inside the tube as 
shown in Figure 3. At this time, the springs that are between each stent is maintained in a slightly extended state. 
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[0021] 

When the stents that have been arranged in the tube in this way are forced out of the tube into the region 
oi stenosis, which is the afflicted region, as shown in Figure 1 and Figure 2, each stent is extended in a state in 
which they are superimposed on each other, the region of stenosis is enlarged and they are left in place in this state. 

During use of this stent, the wire can be passed into the spring to achieve stability of insertion. Further the 
same number of wires as there are springs should be used. 

[0022] 

... The straits of this design are retained in the blood vessels over a long period, for which reason thrombi are 
readily attached. In order to prevent this, a coating of clot preventing agent (for example, heparin, urokinase, etc.) 
may applied. ' 

[0022] 

[Effect of the Design] 

In this design, stent and stent are superimposed on each other in parallel and the spaces between the stents 
are connected by springs, for which reason superior stents that are endowed with pliability during expansion and 
during use of the stents, that are of superior pliability during contraction inside tubes and in which there are gaps 
can be obtained. e r 
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